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The antiprotozoan and antibacterial properties of certain aromatic diamidines have
been known since 1939 (1, 2). In 1945 Elson showed that propamidine (4,4'diamidinodi-
phenyloxypropane) possessed fungistatic properties, particularly with regard to Blasto-
myces dermatilidis (3). While the present report was being prepared, Bocobo, Curtis, and
Harrell published their findings on the antifungal effects of several stilbene derivatives,
among them stilbamidine (4,4'stilbenedicarboxyamidine) (4). Successful treatment of
North American blastomycosis with this substance has been reported repeatedly in recent
years (5, 6, 7). However, such treatment involves the risk of serious toxic after effects.
Snapper and his coworkers demonstrated that 2-hydroxystilbamidine closely resembles
stilbamidine in its biologic and therapeutic properties, without causing deleterious side-
and after effects.
Both stilbamidine and 2-hydroxystilbamidine are deposited and accumulate in the
kidneys, the liver, and the adrenals (8, 9). They are also deposited in the Malpighian layer of
the skin, in the sweat glands, the sebaceous glands, and in the follicles and the medulla of
the hair. Both substances fluoresce under filtered ultraviolet light, and their presence in
unstained tissues may be detected by the fluorescence of the cytoplasm in the case of stil-
bamidine, and of the nuclei in the case of 2-hydroxystilbamidine.
The accumulation of the diamidines in the above-mentioned structures of the skin may be
significant with regard to the management of superficial fungous infections that are no-
toriously resistant to topical treatment, such as tinea capitis due to Micros porurn audouini,
and tinea manus, pedis, and unguium caused by Trichophyton rubrum. The need for a sys-
temic treatment for these infections has long been felt. The diamidincs suggest a possibility
in that respect. With this possibility in mind, we tested 2-hydroxystilbamidine and stil-
bamidine for their in vitro effect on various pathogenic fungi, concentrating mainly on the
dermatophytes.
2-Hydroxystilbamidine was used in the form of the diisethionate. Stilbamidine was used
as the diisethionate*** and as the dihydrochloride****.
The following points were investigated in the experiments to be described:
1. Penetration of stilbamidine and 2-hydroxystilbamidine into infected nails
and hairs after simulated topical application.
2. The antifungal effect of the two diamidines at a concentration of 100
micrograms per ml of Sabouraud's glucose broth.
3. The influence of arginine on the antifungal action of the two substances.
4. The fungistatic threshold concentration of stilbamidine and 2-hydroxy-
stilbamidine for various pathogenic fungi.
* Read at the Twentieth Annual Meeting of the Mycological Society of America, Madi-
son, Wisconsin, September 9th, 1953.
** From the Department of Dermatology and Syphilology, New York University Post-
Graduate Medical School (Dr. Marion B. Sulzberger, Chairman), and the Skin and Cancer
Unit of the New York University Hospital.
Received for publication October 21, 1953.
Samples of each diisethionate were kindly supplied by Merck & Co., and by the Wm.
S. Merrell Company, Cincinnati, Ohio.
**** The writer is indebted to Dr. Isidore Snapper for putting 300 milligrams of stil-
bamidine dihydrochioride at her disposal. This salt is no longer being manufactured.
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EXPERIMENT 1
In order to test the permeability of keratinous structures to the two di-
amidines, hairs infected with Micros porum audouini, M. canis, and Trichophyton
schoenleini, respectively, as well as thick nail clippings infected with T. rubrum,
were suspended for 72 hours at 30°C in 0.225 % aqueous solutions of stilbamidine
dihydrochioride and 2-hydroxystilbamidine. Controls were kept in distilled
water.
Unstained cross-sections of some of the hairs were then examined micro-
scopically in filtered ultraviolet light. No fluorescence typical for the diamidines
could be detected within the hair shaft, although in all cases the cuticle fluoresced
strongly and characteristically.
The nails, also, showed bright external fluorescence, but none within the
nail plate as revealed in cross section.
The remaining hairs and nail clippings used in this experiment were planted
on Sabouraud's agar. Cultures were obtained from all specimens, except the
favic hairs. In the latter, the controls, also, remained sterile, although fungous
elements were found when the specimens were removed from the agar slants
and examined in potassium hydroxide.
Comment
This experiment, designed to simulate topical application, would seem to
indicate that the diamidines do not penetrate to the site of the infection in
hairs and nails, and may therefore be of little use when applied externally.
EXPERIMENT 2
The comparative antifungal effect of the two stilbamidine salts and of 2-
hydroxystilbamidine at a concentration of 100 micrograms per ml of liquid
TABLE 1
Fun gistatic effect of stilbamidine and J-hydroxystilbamidine at a concentration of
100 micrograms/mi in glucose-pc ptone broth
STILSAMIDINE
SPECIES ____________________________ 2-OH STILBAMIDINE CONTROL
2 HCI Diisethionate
Dermatophytes
T.rubrum 0 ++ +
T. mentagrophytes 0 0 0
T. schoenleini 0 0 0 ++
M. audouini 0 + 0 ++
M.canis 0 0 0
M. gypseum + + + ++++
Systemic fungi
Sp. Schencki 0 0 0
C. neoformans 0 0 0
Nocardia asteroides ++++ ++++ ++++
o = no growth.
+, ++, etc. = degrees of growth.
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Sabouraud's medium was tested in nine species of pathogenic fungi. Blank
broth was used as control. All cultures were grown in duplicate on 25 ml of
culture medium in 50 ml Erlenmeyer flasks. Inoculations were made from
suspensions of the test organisms in distilled water. Equal amounts of suspen-
sion were introduced into each set of flasks. Results were regarded as final after
three weeks' incubation at 30°C, and are shown in Table 1.
Comment
It will be noted that out of six species of dermatophytes tested, five were
suppressed by stilbamidine dihydrochioride, four by 2-hydroxystilbamidine, and
three by stilbamidine diisethionate. The seemingly higher fungistatic efficiency
of the dihydrochloride is probably due to the fact that this salt contains ap-
proximately 50 per cent more active stilbamidine per mole than do the two
diisethionates.
Elson found that propamidine was not effective in vitro against Actinomyces
bovis. This agrees with our findings for the closely related Nocardia asteroides,
at least at the concentration of 100 micrograms/ml. Bocobo and co-workers, on
the other hand, found inhibition of N. asteroides by stilbamidine and propamidine
at a concentration of 1 mg/mI on Sabouraud's agar, and successful treatment
of actinomycosis with stilbamidine has been reported recently (10).
EXPERIMENT 3
Snapper and Lieben found that the presence of arginine inhibits the diamidine
effect against B. coli and Neurospora crassa, but not against Leishmania dono-
vani, B. dermatitidis, and Histoplasma capsulatum. (8, 11). It seemed important
to investigate whether or not the antifungal diamidine effect remained unim-
paired in the presence of arginine also with regard to the dermatophytes. Two
series of experiments were performed in which five species of ringworm fungi
were grown on liquid media containing arginine as well as either stilbamidine or
2-hydroxystilbamidine in a concentration of 100 micrograms/mi.
In the first series, 1 % i-arginine was added as the sole source of nitrogen to a
basal medium prepared after Robbins and Ma (12). No growth at all occurred
in those flasks to which the diamidines had been added. Growth in the control
flasks was poor.
The same concentration of the two diamidines was used in the second series
of experiments, but the composition of the medium was slightly changed. The
carbohydrate source consisted of 4% dextrose. The nitrogen source was either
1 % peptone and 1 % arginine, or 2% peptone. The same five species (T. rubrum,
T. mentagrophytes, M. audouini, M. gypseum, and B. floccosum) were tested.
No visible growth occurred in any of the flasks containing a diamidine, with
or without arginine. Growth in the control flasks containing arginine in addition
to peptone was poorer than in those containing peptone alone.
Comment
One may infer that arginine itself slightly inhibited the growth of the five
species tested. This inhibitory effect may be due to the comparatively high con-
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TABLE 2
Fun gislatic threshold concentration of stilbamidine and J-hydroxystilbamidine at initial
pH 7 on Sabouraud's agar after 10 days*
2-OH STILBAMIDINE (Microgr./mI) PROPAMIDINE
SPECIES STILIIAMIDINE _____________ ___________ _____________ _____________
(Microgr./mI.) Bocobo et al. Elson Bocobo et al.
T. rubrum 1000 1000 1000 1000 1000
T. mentagrophytes 400 (800) 400 (800) 1000 250 1000
T. sulfureum 200 200 1000 15.5 1000
T. schoenleini 40 (60) 40 (200) 1000 3.75 1000
T. violaceum 60 (400) 40 (400) 1000 no data 1000
E. fioccosum 200 (600) 200 (600) 1000 250 1000
M. audouini 400 600 1000 125 1000
M. canis 200 (600) 200 (600) 1000 500 1000
M. gypseum 400 600 1000 500 1000
C. neoformans 600 600 1000 no data >1000
Sp. Schencki 60 40 1000 0.9 10
* Figures in brackets denote inhibiting concentration after 3 weeks' growth.
centration used here, since arginine is known to be one of the essential amino
acids required by T. mentagrophytes (12, 13, 14).
At any rate, arginine did not interfere with the antifungal action of stilbami-
dine and 2-hydroxystilbamidine.
EXPERIMENT 4
In the last experiment nine species of dermatophytes and two "deep" fungi
were grown at pH 7 on Sabouraud's agar containing serial dilutions of either
stilbamidine or 2-hydroxystilbamidine ranging from 1000 micrograms/ml to 10
micrograms/mi. The least concentration of the diamidines which inhibited
growth for each species is shown in Table 2. This table a)so gives the findings of
Elson, and of Bocobo and co-workers.
Comment
Since Elson evaluated his results after ten days, this table gives our findings
after the same time interval. As can be seen from the figures in brackets, the
initial inhibition was overcome in five cases, especially by T. schoenleini and
T. vioaceum, both of which are slow-growing organisms.
It will be noted that the fungistatic thresholds of stilbamidine and 2-hydroxy-
stilbamidine, as established by our experiments, agree well with each other, but
are generally higher than those found by Elson for propamidine dihydrochloride.
This is partly explained by the fact that propamidine dihydrochloride contains
approximately 81 % of active radical per mole, as against approximately 52 %
and 51 %, respectively, in the diisethionates of 2-hydroxystilbamidine and
stilbamidine.
It is of interest to note that Cryptococcus neoformans appears to be sensitive
to the diamidines in vitro, while treatment of both clinical and experimental
cryptococcosis with stilbamidine has proved unsuccessful (15, 16).
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With the exception of T. schoenleini, the dermatophytes, in our experiments,
proved to be about ten times more resistant to the diamidines than they are,
for example, to pelargonic acid (CH3(CH2)7C0011) (17). This is especially true
for T. rubrvm, which proved to be 25 to 50 times as resistant.
Whether this in vitro resistance is also true in vivo, and, if so, whether it will
be offset or on the contrary increased by the gradual accumulation of the di-
amidines in the skin, is at present a matter of speculation. Bocobo, Curtis, and
Harrell found that a freshly isolated strain of B. dermatitidis was 100 times
more resistant to stilbamidine when obtained after the patient had received two
stilbamidine treatments, than it had been before treatment was begun. Experi-
ments designed to test possible acquired resistance of M. audouini and T. rubrum
to 2-hydroxystilbamidine are now in progress in this Laboratory.
Obviously, a great deal of work is still necessary before the diamidines can be
considered for systemic treatment of superficial fungous infections of man.
SUMMARY
1. The dihydrochloride and the diisethionate of stilbamidine, and the di-
isethionate of 2-hydroxystilbamidine were tested in vitro against the common
dermatophytes and three species of "systemic" fungi.
2. The minimum fungistatic concentration of both diamidines ranged from
60 micrograms/mi to 1000 micrograms/mi of Sabouraud's agar.
3. Trichophyjton schoenleini was the most sensitive, and Trichophyton rubrum
the most resistant of the dermatophytes tested.
4. Sporotrichum Schenclci was the most sensitive of the three "systemic"
fungi tested.
5. Addition of 1 % arginine to the culture medium did not impair the anti-
fungal action of the two diamidines.
6. Experiments simulating local application indicated that both diamidines
failed to penetrate into nails and hairs.
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